Abstract Functional polymorphisms in endogenous antioxidant defense genes including manganese superoxide dismutase (MnSOD), catalase (CAT), and glutathione peroxidase (GPX-1) have been linked with risk of cancer at multiple sites. Although it is presumed that these germline variants impact disease risk by altering the host's ability to detoxify mutagenic reactive oxygen species, very few studies have directly examined this hypothesis. Concentrations of 8-isoprostane F2a (8-iso-PGF2a) and 8-oxo-7, 8-dihydro-2 0 -deoxyguanosine (8-oxoxdG)-sensitive indicators of lipid peroxidation and DNA oxidation, respectively-were measured in 24-h urine samples obtained from 93 healthy, premenopausal women participating in a dietary intervention trial. In addition, DNA was extracted from blood for genotyping of MnSOD Val16Ala, CAT-262 C [ T, and GPX1 Pro198Leu genotypes by Taqman assay. Although geometric mean concentrations of 8-iso-PGF2 a and 8-oxoxdG varied across several study characteristics including race, education level, body mass index, and serum antioxidant levels, there was little evidence that these biomarkers differed across any of the examined genotypes. In summary, functional polymorphisms in endogenous antioxidant defense genes do not appear to be strongly associated with systemic oxidative stress levels in young, healthy women.
Introduction
Oxidative damage to DNA, lipids, and proteins due to excessive levels of reactive oxygen species (ROS) has been implicated in the pathogenesis of many diseases, including cancer (Roberts et al. 2009 ). Although antioxidants obtained through the diet afford some measure of protection against ROS, endogenous antioxidant enzymes provide the primary defense against intracellular oxidative stress (Yu 1994) . Manganese superoxide dismutase (MnSOD), catalase (CAT), and glutathione peroxidase (GPX-1) are the primary endogenous antioxidant defense enzymes, and they work cooperatively to detoxify free radicals: MnSOD catalyzes the conversion of highly reactive superoxide radicals to hydrogen peroxide and CAT and GPX-1 detoxify hydrogen peroxide into water and oxygen (Yu 1994) . The genes encoding these enzymes are polymorphic and three germline single nucleotide polymorphisms (SNPs)-MnSOD Val16Ala (rs4880), CAT-262 C [ T (rs1001179) , and GPX1 Pro198Leu (rs1050450)-lead to alterations in enzyme activity. While the CAT and GPX1 polymorphisms result in decreased enzyme activity (Bastaki et al. 2006) , both higher (Sutton et al. 2006 ) and lower (Bastaki et al. 2006 ) activity has been associated with the MnSOD variant.
The MnSOD, CAT, and GPX1 variants have each been linked with risks of multiple cancers. Some of the most consistent associations have been observed for breast cancer, either directly or indirectly through interactions with dietary intakes of antioxidant nutrients/antioxidantrich foods or prooxidant lifestyle exposures (Ambrosone et al. 1999; Mitrunen and Hirvonen 2001; Cai et al. 2004; Ahn et al. 2005; Ravn-Haren et al. 2006) . It is generally presumed that these polymorphisms influence cancer risk by altering the host's ability to neutralize toxic free radicals. While results from in vitro and knockout mouse model studies support this (Melov et al. 1999; Van Remmen et al. 2003 , there are very few reports describing oxidative stress levels in relation to the aforementioned genetic variants in humans. We therefore evaluated whether urinary concentrations of 8-isoprostane F2a (8-iso-PGF2a) and 8-oxo-7,8-dihydro-2 0 -deoxyguanosine (8-oxoxdG)-sensitive indicators of global lipid peroxidation (Halliwell and Whiteman 2004) and DNA oxidation (Cooke et al. 2009 ), respectively-vary across the MnSOD Val16Ala, CAT-262 C [ T, and GPX1 Pro198Leu genotypes in a population of young healthy women.
Materials and methods
The Diet and Hormone Study was a randomized trial designed to examine the effects of a low fat (\20% of calories), high fruit and vegetable ([8 servings per day), and high-fiber (25-30 g per day) diet on hormone levels in healthy premenopausal women (Gann et al. 2003) . Two hundred and thirteen women between the ages of 20 and 40 years were randomly assigned to either the dietary intervention group or usual diet group for a total of 15 months. At 12 months, participants were re-randomized to a soy supplement with or without isoflavones in addition to their original dietary assignment. Written informed consent was obtained from each participant prior to randomization, and Institutional Review Board Approval for the present ancillary study was secured.
The present analysis is based on women randomized to the usual diet (control) group who provided demographic, lifestyle, dietary, and medical information, as well as fasting blood and a 24-h urine sample, at baseline (prior to randomization). At baseline, participants completed three 24-h diet recalls and a validated Block food frequency questionnaire (FFQ); the three recalls were averaged to estimate the mean dietary intake of macro-and micronutrients, while the FFQ was utilized to capture vitamin supplement use. Baseline fasting blood samples were processed immediately after collection; plasma, buffy coat, and red blood cells were separated, aliquoted, and stored at -70°C. Upon return of the 24-h urine collection, the entire sample was mixed thoroughly, aliquoted, and stored at -70°C. Urinary concentrations of 8-iso-PGF2a and 8-oxoxdG were successfully measured in 87 and 93 of the 107 participants randomized to the usual diet group.
Genomic DNA was isolated from buffy coat samples and TaqMan Ò assays (Applied Biosystems) were used to genotype the three polymorphisms of interest. There were no deviations from Hardy-Weinberg Equilibrium for any SNP. Repeat genotyping of 10% of samples showed 100% concordance.
8-iso-PGF2a was measured using a rapid liquid chromatography-tandem mass spectrometry (LC-MS/MS) assay (Dahl and van Breemen 2010) . Urinary 8-oxoxdG levels were quantified using ultra-high performance LC-MS/MS (Lam et al. in preparation) . In order to monitor the reproducibility of each assay, de-identified urine samples were obtained from the University of Illinois at Chicago Clinical Pathology lab and mixed together to create a quality control pool; multiple aliquots of this pool were analyzed with each batch of study samples. The average intra-and inter-batch coefficients of variation were 17 and 24% for 8-iso-PGF2a and 3 and 10% for 8-oxoxdG, respectively.
8-iso-PGF2 a and 8-oxoxdG values were log-transformed and geometric mean concentrations and 95% confidence intervals across study characteristics and genotypes were determined using generalized linear models in SAS version 9.1.3 (SAS Institute, Cary, NC).
Results
Study participants were young, predominantly Caucasian, well educated, physically active and lean, and most did not currently smoke. Higher 8-iso-PGF2a concentrations were observed in African Americans, among women without a college degree, in those who were overweight or obese, and in participants in the lowest tertile of serum a-carotene (Table 1 )-a nutrient concentrated in fruits and vegetables that displays in vitro antioxidant activity. 8-oxoxdG exhibited similar patterns, and it was additionally noted that levels were highest in the least physically active women and among those who reported taking aspirin at any time during the past year. Neither of these biomarkers demonstrated significant variation across categories defined by antioxidant supplement use, levels of serum antioxidants other than a-carotene, fruit and vegetable intake, nor intakes of individual antioxidant or prooxidant nutrients (data not shown). There were no significant trends in either biomarker across any of the antioxidant defense genotypes (Table 2) . Although there was a suggestion of lower 8-iso-PGF2 a and higher 8-oxoxdG concentrations among women with the homozygous variant CAT genotype, these results should be interpreted with caution as very few participants carried two copies of the variant CAT allele.
Discussion
In this study, urinary biomarkers of oxidative stress did not exhibit significant variation across functional germline SNPs in the primary endogenous antioxidants enzymes, MnSOD, CAT, and GPX-1. One potential explanation is that our study population consisted of young, healthy women with limited oxidative burden but who nonetheless are at an age when tumor development might begin. Alternatively, genotype-phenotype associations might only be apparent when the aforementioned SNPs are considered in combination, particularly since they act cooperatively in the body. Unfortunately, our sample size did not permit this type of analysis. Six studies have investigated whether oxidative stress levels vary as a function of antioxidant c Based on the validated CARDIA physical activity score (Sidney et al. 1991) d Ever use during the past 12 months Genes Nutr (2012) 7:191-195 193 defense genotypes (Hong et al. 2002; Taufer et al. 2005; Lee et al. 2006; Park et al. 2006; Zhang et al. 2008; Karahalil et al. 2011) , with three showing higher DNA damage levels among carriers of the MnSOD variant alanine (Hong et al. 2002; Taufer et al. 2005) or GPX-1 variant Leu alleles. Notably, only one study was conducted in young, non-diseased individuals (Park et al. 2006) , and the results from this study were concordant with our own. A significant strength of our study is the use of two measures of oxidative stress that have demonstrated reproducibility, biological validation by virtue of consistent associations with disease states and known stressors such as smoking, and evidence of modulation by antioxidants and/or antioxidant-rich foods. For example, levels of 8-isoPGF2a are elevated in active or passive smokers and can be reduced by vitamin C or increased fruit and vegetable intake in some studies (Reilly et al. 1996) . With respect to 8-oxoxdG, studies have found its levels to be higher in smokers (Pilger et al. 2001 ) and in individuals with lower fruit and vegetable intake and serum vitamin C concentrations (Huang et al. 2000) . Several small trials have also shown that administration of fruits and vegetables decreases 8-oxoxdG concentrations in healthy human volunteers (Halliwell 2002) . Other strengths of our study include measurement of each analyte in urine rather than blood, which avoids potential artifactual oxidation (Patel et al. 2007 ); use of 24-h rather than spot urine samples, which are more robust to intra-individual variability in biomarkers (Pilger et al. 2001) ; and measurement of analytes by the sensitive mass spectrometry (rather than ELISA) approach (Evans et al. 2010) . Finally, DHS participants were young and healthy, which minimized the effects of preclinical or overt disease on concentrations of oxidative stress biomarkers.
Limitations of our study include the relatively small number of subjects available for analysis and our reliance on previous reports showing that the three polymorphisms of interest are functional. Unfortunately, budgetary constraints precluded measurement of antioxidant enzyme activities in DHS subjects.
In summary, our findings do not support the hypothesis that polymorphisms in MnSOD, CAT, and GPX-1 are associated with systemic biomarkers of oxidative stress in young, healthy women. Future studies should examine the combined effects of all three genetic variants on oxidative stress levels, and whether these associations are modified by antioxidative or prooxidative lifestyle exposures. 
